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Description 2 & ft?lx ^flflf 

Method for Etching a Hardmask Layer and a Metal Layer 

5 The present invention relates to an insitu hardmask open 

strategy which is performed before carrying out a metal etch. 
The present invention is particularly suited for the proces- 
sing of 300 mm silicon wafers. 

10 Plasma assisted dry etching processes are widely used in the 
field of microelectronics and micromechanics . When features 
having a high aspect ratio are to be patterned as well as 
when rather etch resistant layers have to be patterned, very 
high demands must be met by the etching mask. In most cases 

15 photoresist masks are unsuf f icient in order to achieve the 
necessary etching selectivities . In these cases so called 
hard masks are used, the patterning of which again can become 
a severe problem. 

20 Figure 1 illustrates an exemplary layer stack which is to be 
patterned by plasma etching. On a Si0 2 base layer 4 which is 
usually provided on a semiconductor wafer, especially a sili- 
con wafer, 10 nm of Ti, 400 nm of an alloy comprising 99,5 % 
Al and 0,5 % Cu, 5 nm of Ti and 40 nm of TiN are deposited as 

25 a metall layer stack 3. Trenches having a width of approxi- 
mately 140 nm are to be etched into the metal layer stack 3. 
In order to selectively etch these trenches, first, 180 nm of 
a SiON layer 2 are deposited as a hardmask material, followed 
by 490 nm of a generally used photoresist material 1. First, 

30 as is shown in Figure 4, the pattern is photolithographically 
defined into the photoresist layer 1, then the SiON layer 2 
is etched in a plasma etching process, and finally, the metal 
layer stack 3 is etched in another plasma etching process. 

35 It has been rendered to be very advantageous if the hardmask 
layer, which is for example made of SiON, and the metal stack 
are etched insitu, which means that hardmask and metal stack 
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are etched in one single plasma processing chamber. In parti- 
cular, when the hardmask and the metal stack are etched insi- 
tu, no additional plasma processing chamber and no additional 
wet clean chamber are necessary. Additionally, it is not ne- 
5 cessary to move the silicon wafer from one plasma processing 
chamber to another thus reducing the processing time and 
cost . 

As an et chant for etching the hardmask layer, usually a mix- 
10 ture of a fluorine containing gas such as CF 4 or CHF 3 and Cl 2 
is used. As an etchant for etching the metal layer stack, 
conventionally a mixture of a chlorine containing gas such as 
BC1 3/ Cl 2 and, optionally, N 2 and CHF 3 is used. 

15 As becomes apparent from Figure 4, a problem arises since the 
hardmask layer 2 is not vertically etched but. assumes a tape- 
red profile. As a consequence, as can be seen from Figure 5, 
after the metal layer stack etching step, the bottom of the 
trenches will have a much smaller width than the top of the 

20 trenches. Accordingly, when the metal etch is performed in 
order to define interconnection wirings, for example, the 
width thereof will be greater than that was lithographically 
defined in the photoresist layer. Generally speaking, the 
width denoted by reference numeral 5 in Figure 4 is generally 

25 referred to as the "CD" or "critical dimension". 

It is an object of the present invention to achieve a better 
control of the CD. Especially it is an object to reduce the 
CD in an insitu hardmask open step. 

30 

According to the present invention, the above object is 
achieved by a method for etching a hardmask layer made of 
Si0 2 (silicon oxide), Si 3 N 4 (silicon nitride) or SiON (silicon 
oxynitride) , the method comprising the steps of providing a 
3 5 substrate having thereon at least one metal layer, a hardmask 
layer made of Si0 2 , Si 3 N 4 or SiON and a patterned photoresist 
mask overlying said hardmask layer in a plasma processing 
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chamber, etching said hardmask layer in a plasma etching 
process using an etchant source gas which comprises a fluori- 
ne containing gas and oxygen, etching the at least one metal 
layer in the same plasma processing chamber after the hard- 
5 mask layer has been etched. 

As the inventors of the present invention found, in an insitu 
hardmask open process the CD of metal lines can be advantage- 
ously reduced if a small amount of oxygen is added to the 
10 etchant source gas used for etching the hardmask. 

In particular, it was found that the metal etch step provides 
almost perpendicular walls whereas the taper is mainly indu- 
ced by the hardmask opening step. More specifically, when 

15 performing any anisotropic plasma etching process, the etch- 
ant source gas will also attack the photoresist layer whereby 
polymers will be produced which will then be deposited at the 
sidewalls of the trench. For example, during the metal etch 
step, a thin polymeric film will be formed on the trench 

20 walls so as to prevent the walls from being further etched, 

whereas the thin polymeric layer deposited on the trench bot- 
tom will be destroyed by ion bombardment during the plasma 
etching process. In contrast, due to the specific plasma con- 
ditions during the hardmask open step, the polymeric layer 

25 will be deposited onto the trench walls so as to produce a 
tapered shape. 

By adding a small amount of oxygen, for example 5 to 10 seem 
(cubic centimeters per minute under standard conditions) if 
30 100 seem of a fluorine containing gas are fed, this tapered 
shape can be avoided, whereby a vertical etching profile is 
achieved. Consequently, the CD can be better controlled and 
further be reduced. 

35 Moreover, the present invention provides a method for patter- 
ning a metal layer stack comprising at least one metal layer 
on a substrate, comprising the steps of the method according 



P 2001,0126 

4 

as defined above, and the step of etching said at least one 
metal layer in said plasma processing chamber in another sub- 
sequent plasma etching process. Both etching processes are 
performed within the same plasma processing chamber pre- 
5 ferably without breaking the vacuum, 

A problem which may arise when the insitu etching process for 
etching the hardmask layer and the metal stack including a 
layer containing aluminium is performed a plurality of times 

10 so as to process several wafers is that the aluminium etched 
will be deposited on the plasma processing chamber walls. If 
thereafter a new wafer is introduced into the plasma proces- 
sing chamber and a hardmask etching step using oxygen is per- 
formed, the deposited aluminium will react with the oxygen to 

15 form aluminium oxide which is very brittle and, thus, will 
peel off the plasma processing chamber walls so as to fall 
onto the wafer and cause unwanted impurities on the wafer 
surface . 

20 This problem can be solved if the plasma processing chamber 
is cleaned by an additional plasma cleaning step using for 
example an inert gas or oxygen as a cleaning gas, the clea- 
ning step being performed after the metal etch step. 

25 Using this plasma cleaning step, all the polymers and all the 
aluminium which have been deposited on the plasma processing 
chamber walls during the metal etch step will be removed be- 
fore the next oxygen containing hard mask open step of the 
next wafer will start. 

30 

In summary, the present invention provides the following 
advantages : 

- The hardmask layer and the metal stack are etched insitu, 
35 that is in one single plasma processing chamber and without 
breaking the vacuum lock. Accordingly, only one plasma 
etching tool and only one wet cleaning device are necessary. 
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Consequently, processing cost can be reduced. Moreover, since 
the vacuum is maintained and the wafer need not be transfer- 
red from one plasma processing chamber to another, the 
processing time can be considerably reduced. 

5 

- The tapered etching profile in the hardmask layer is avoi- 
ded. Thus, vertical walls can be etched in the hardmask layer 
and the metal layer stack, whereby the CD can be remarkably 
reduced and be better controlled. In particular, the CD de- 
10 fined in the photoresist layer corresponds to the CD etched 
into the metal layer stack. 



Figure 1 shows a metal layer stack having a hardmask layer 

and a patterned photoresist layer thereon, the metal 
15 layer stack being deposited on a Si0 2 base layer; 

Figure 2 shows the metal layer stack of Figure 1 after per- 
forming the hardmask open step of the present inven- 
tion; 

Figure 3 shows the metal layer stack of Figure 2 after selec- 
20 tively etching the metal layer stack; 

Figure 4 shows the metal layer stack of Figure 1 after per- 
forming the hardmask open step according to the me- 
thod of the prior art; 
Figure 5 shows the metal layer stack of Figure 4 after selec- 
25 tively etching the metal layer stack; and 

Figure 6 shows an exemplary plasma processing chamber. 

In Figure 1, on a Si0 2 (silicon oxide) base layer 4 which is 
usually provided on a semiconductor wafer, a metal layer 

30 stack 3 comprising 10 nm of Ti (titanium) , 400 nm of an alloy 
comprising 99,5 % Al (aluminium) and 0,5 % Cu (copper), 5 nm 
of Ti and 40 nm of TiN (titanium nitride) are deposited. 
Trenches having a width of approximately 140 nm are to be 
etched into the metal layer stack 3. The CD 5 also is 140 nm. 

35 In order to selectively etch these trenches, first, a layer 2 
of 180 nm of SiON (silicon oxynitride) are deposited as a 
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hardmask material, followed by 490 nm of a generally used 
photoresist material 1. 

According to the present invention, the hardmask opening step 
5 and the metal etching step are performed in a single plasma 
processing chamber in two different steps using different 
etchants. Accordingly, the two steps are performed subse- 
quently without breaking vacuum lock, 

10 The plasma processing apparatus that can be used for carrying 
out the present invention may be any known plasma processing 
apparatus such as devices for dry etching, plasma etching, 
reactive ion etching or electron cyclotron resonance etching, 

15 For example, the process of the present invention may be per- 
formed in a transmission coupled plasma etching apparatus 
(TCP) which is shown in Figure 6. In such an etching appara- 
tus the energy for sustaining the plasma is inductively cou- 
pled to the reactor. However, in a different plasma etching 

20 apparatus, this energy could be also capacitively coupled. 

The plasma processing system in Figure 6 includes a plasma 
processing chamber 6 having a gas inlet 9 for feeding the 
etchant source gas. In the present example, this gas inlet 9 

2 5 .is implemented as a gas dispensing apparatus having a shower 

head configuration. However,, the gas inlet can be implemented 
in any other suitable manner. Moreover, there is provided a 
top electrode 7 which takes the form of a coil. The coil 
electrode 7 is energized by a RF (radio frequency) generator 

3 0 8 via a matching network (not shown) as is conventional. The 

wafer 11 is introduced into the plasma processing chamber 6 
and disposed on an electrostatic chuck 13 which acts as an 
electrode and is preferably biased by a RF generator 10. 
However, the chuck 13 may also be implemented in a different 
35 manner being connected to the RF generator 10. Helium cooling 
gas may be introduced under pressure through port 12 between 
chuck 13 and wafer 11 so as to act as a heat transfer medium 
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for accurately controlling the temperature of the wafer du- 
ring processing to ensure uniform and reproducible etching 
results. In the present example, a wafer temperature of 35°c 
is maintained. 

5 

The RF generators 8, 10 through coil electrode 7 and chuck 13 
are used to generate a plasma in the et chant source gas 
within the plasma processing chamber 6 in order to etch the 
wafer 11. 

The by-product gases formed during the plasma etching process 
are exhausted by an exhaust line 14 which is connected with a 
suitable pump for maintaining the desired vacuum conditions. 
Typically, the chamber walls are grounded. 

15 

After introducing the wafer 11 into the plasma processing 
chamber 6, various stabilisation steps as generally known in 
the art are performed, in which the etchant source gases are 
fed into the plasma processing chamber without plasma so as 
20 to provide stable process conditions and to set the pressure 
as well as the desired gas flow rates. Thereafter, the plasma 
is ignited, a bias is applied to the chuck and then, a hard- 
mask open step is performed. 

25 As an etchant source gas, according to the present invention, 
a mixture of a fluorine containing gas such as CF 4 (Tetraflu- 
oromethane) or CHF 3 (Trif luoromethane) , Argon and a small 
amount (approximately 5 to 20 % based on the flow rate of the 
fluorine containing gas) of oxygen is used. In particular, 

30 typical flow rates to be employed are'100 seem of CF 4/ 150 
seem of Argon and 5 to 20 seem of 0 2 (oxygen) . The pressure 
prevailing in the plasma processing chamber is in the order 
of 1 to 1,5 Pa. The RF power applied to the top electrode 7 
is set to approximately 600 to 1000 W, and the RF power 

35 applied to the chuck 13 is set to approximately 150 to 300 W 
which are preferred settings for transformer coupled plasma 
(TCP) tools. The radio frequency employed is 13.56 MHz. 



P 2001,0126 



8 

As the inventors of the present invention found out, the ad- 
dition of Argon to the echant source gas additionally decrea- 
ses the CD, since reaction products are carried off more 
5 quickly. This is also the case if an etchant source gas of a 
fluorine containing gas without oxygen is used. In particu- 
lar, a flow rate of Argon which is greater than that of the 
fluorine containing gas, for example a ratio of 1,5 between 
Argon gas flow rate and fluorine containing gas flow rate, 
10 has provided excellent results. 

After the hardmask opening step, various gas rinsing steps 
can be performed, in which inert gases such as Argon or N 2 
(nitrogen) are fed so as to remove residual gases from the 
15 former etching process from the plasma processing chamber. 

Moreover, or alternatively, stabilisation steps as described 
above can be performed. 

If necessary, breakthrough steps are also performed, in which 
2 0 the oxidized surface of a metal layer to be etched is removed 
by an anisotropic etching step. 

Thereafter, another plasma etching process is performed so as 
to etch the metal layer stack. The term „another plasma 

2 5 etching process tt means that an etchant source gas which is 

different from the etchant source gas used for etching the 
hardmask layer is used. For etching the metal layer stack, a 
chlorine containing gas mixture such as BC1 3 (boron trichlo- 
ride) and Cl 2 (chlorine) and, optionally, N 2 and CHF 3 is used 

3 0 as an etchant source gas. 

Moreover, various overetch steps as generally known in the 
art are performed. 

3 5 After that, the wafer 11 is removed from the plasma proces- 
sing chamber and, then, optionally, after introducing a dummy 
wafer for protecting the chuck, a plasma cleaning step using 
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oxygen or an inert gas such as N 2 can be performed so as to 
clean the walls of the plasma processing chamber 6. Alterna- 
tively, the processed wafer 11 can also be removed after 
plasma cleaning the processing chamber 6. 

5 

The wafer 11 is then transferred to a resist-strip chamber, 
wherein the remaining photoresist 1 is stripped. Thereafter, 
the wafer is processed in a conventional manner. 

10 After the plasma cleaning step, which can as well be omitted, 
the next wafer 11 to be processed can be introduced into the 
plasma processing chamber 6. 



P 2001,0126 



Bp °~ Munich 
2$ Feb, 2QQ1 

1. A method for etching a hardmask layer (2) made of silicon 
5 oxide, silicon nitride or silicon oxynitride and at least one 

metal layer (3), the method comprising the steps of: 

- providing a substrate (11) having thereon at least one me- 
tal layer (3), a hardmask layer (2) made of silicon oxide, 
silicon nitride or silicon oxynitride and at least one metal 

10 layer (3) and a patterned photoresist layer (1) overlying 
said hardmask layer (2) in a plasma processing chamber (6) ; 

- etching said hardmask layer (2) in a plasma etching process 
using an etchant source gas which comprises a fluorine con- 
taining gas and oxygen, 

15 - etching the at least one metal layer (3) in the same plasma 
processing chamber (6) after the hardmask layer (2) has been 
etched. 

2. The method according to claim 1, wherein the flourine con- 
20 taining gas is CF 4 or CHF 3 . 

3. The method according to claim 1 or 2, wherein the etchant 
source gas additionally comprises Argon. 

25 4. The method according to any of the preceding claims, 

wherein the flow rate of oxygen is 5 to 10 % based on the 
flow rate of fluorine containing gas. 

5. The method according to any of claims 1 to 4, wherein the 
30 step of etching said at least one metal layer in said plasma 

processing chamber (6) is performed in another subsequent 
plasma etching process. 

6. The method according to claim 5, wherein the plasma 

35 processing chamber (6) is cleaned by plasma cleaning step 

which is performed after the substrate (11) has been etched. 
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Claims 
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7. The method according to claim 6, wherein the plasma clea- 
ning step is performed using an inert gas or oxygen as a cle- 
aning gas. 

8. The method according to claim 6 or 7, wherein the plasma 
cleaning step is performed after the metal layer (3) has been 
etched. 
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Abstract 

Method for Etching a Hardmask Layer and a Metal Layer 

5 The present invention relates to an improved insitu hardmask 
open strategy which is performed before carrying out a metal 
etch. The method for opening the hardmask (2) made of Si0 2 , 
Si 3 N 4 or SiON comprises the steps of providing a substrate 
having thereon at least one metal layer (3), a hardmask layer 

10 made of Si0 2 , Si 3 N 4 or SiON and a patterned photoresist layer 
overlying said hardmask layer (2), etching said hardmask lay- 
er (2) in a plasma etching process using an etchant source 
gas which comprises a fluorine containing gas and oxygen, 
wherein the plasma processing chamber used for etching the 

15 hardmask layer (2) is the same as the plasma processing cham- 
ber in which the at least one metal layer (3) is etched in 
another plasma etching process after the hardmask layer (2) 
has been etched. 
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